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A combination of immunohistochemical techniques, a panel of monoclonal antibodies, and
computer-assisted morphometric analysis was used to examine the response of the ileal
Peyer’s patch of fetal lambs 7 days after treatment with ferritin per os. Consistent with
previous studies in fetal lambs that have reported the ileal Peyer’s patch to be indifferent
to antigen, the present study did not find any significant changes in the size of the
predominantly B-cell dome/follicle compartment or the predominantly T-cell interfollicular
area, nor were differences identified in the distribution of IgM-positive (+), CD4 +, and
CD8+ cells in these two compartments. However, both compartments showed a significant
increase (p < 0.05) in the percentage of area occupied by MHC II + cells and a significant
decrease (p < 0.05) in the percentage of area occupied by CD44+ and B5+ cells. These
changes show that the ileal Peyer’s patch of fetal lambs is not indifferent to antigen and may
represent the transition of a purely primary lymphoid organ to an organ that has both
primary and secondary lymphoid functions.
KEYWORDS: Fetal sheep, ferritin, leucocytes, activation, MHC II, computer-assisted morphometric analysis.
INTRODUCTION
In sheep, the ileal Peyer’s patch (PP) produces the
vast majority of circulating B cells (Gerber et al.,
1986) and is responsible for the generation of the
preimmune antibody repertoire (Reynaud et al.,
1991). Active lymphopoiesis is present in PP from
about 110 days of gestation (length of gestation in
sheep is 150 days) (Reynolds and Morris, 1983) and
occurs in the absence of exogenous nonself anti-
gens. The sheep fetus is shielded from maternal
immunoglobulins and even small molecules by a
syndesmochorial placenta (Brambell, 1970; Boyd et
al., 1976). The introduction of foreign substances
into this protected environment has shown that the
fetal lamb can mount an immune response to many
antigens including ovalbumin, ferritin, and killed
Brucella abortus organisms (Silverstein et al., 1963;
Fahey and Morris, 1974, 1978). Although clear
evidence of histological changes was present in the
Corresponding author.
mesenteric lymph nodes and lamina propria of the
intestine of fetal lambs following exposure to an
antigen such as ferritin (Husband and McDowell,
1975; Reynolds and Morris, 1984), changes in ileal
PP histology were not detected (Reynolds and Mor-
ris, 1984). The ileal PP was considered indifferent to
foreign antigen, and this was argued as further
support for the antigen independence of lym-
phopoiesis in this organ (Reynolds and Morris,
1984). Recent studies of somatic hypermutation of
light-chain V genes in the ileal PP of fetuses and
lambs have shown that the hypermutation process
is also independent of the presence of external
antigens (Reynaud et al., 1995).
However, the rate of B-cell proliferation following
the introduction of foreign antigen or indeed the
hypermutation process generating the repertoire
does not describe the resultant antibody repertoire.
Active lymphopoiesis in the ileal PP is accompanied
by massive cell death and it is estimated that only
5% of PP cells produced there are destined to leave
their site of production (Reynolds, 1986; Motyka
and Reynolds, 1991). Thus, intense selection occurs
in the PP that shapes the preimmune antibody
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FIGURE 2. Ileal Peyer’s patch. The presence of leucocyte subpopulations in fetal lambs treated with ferritin per os 7 days previously
and in control lambs. There is a stronger presence of MHC II-positive cell populations in the dome(d) of a ferritin-treated fetal lamb
(A) than in the dome of a control fetal lamb (B). A difference in the presence of CD44-positive cell populations is not obvious between
a ferritin-treated fetal lamb (C) and a control fetal lamb (D). There is a weaker presence of B5-positive cell populations in the
interfollicular area (i) of a ferritin-treated fetal lamb (E) than in the interfollicular area of a control fetal lamb (F). F follicle, d
dome, interfollicular area. PAP immunohistochemical technique. Bar 100 tm.292 L. RENSTROM et al.
the mean interfollicular area in the control group
was 9102.24+ 1871.39 xm
2 compared with
5956.52+608.11 gm
2 in the ferritin-treated group;
not significant) (Fig. 3).
The mean percentages of area occupied by the
leucocyte subpopulations identified by staining for
IgM, CD4, and CD8 in the two compartments were
also not significantly different when comparing the
ferritin-treated and control groups of fetal lambs
(Fig. 4). The percentage of areas occupied by T-cell
subpopulations showed a tendency to increase in
the dome/follicle and to decrease in the interfollic-
ular area. The most marked decrease in T-cell
subpopulations was in the percentage of area occu-
pied by the CD4 + cell population in the interfolli-
cular area (21.07+8.27% in the control group
compared with 5.70+2.00% in the ferritin-treated
group; not significant). Despite the widely different
percentages of areas occupied by IgM + cells in the
two lymphoid compartments of the ileal PP, both
percentages decreased in ferritin-treated lambs
(dome/follicle control 62.73 + 7.00% compared with
ferritin-treated 43.70+ 13.63%; interfollicular area
control 7.54 + 2.92% compared with ferritin-treated
3.83 + 1.26%; both not significant).
There was a significant increase in the mean
percentage of the area staining for MHC II in
both the dome/follicle (control 34.85+7.14% and
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FIGURE 3. The size (lam2) of the dome/follicle (D/F) and
interfollicular (IF) areas in the ileal Peyer’s patch of fetal lambs
treated with ferritin per os 7 days previously (Ferritin) and in
control lambs (Control). The size of lymphoid compartments was
estimated in tissue stained for 5’ nucleotidase reactivity. Within
the Ferritin and Control groups in Figs. 3, 4, and 5, a symbol
represents the same individual.
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FIGURE 4. The presence (percentage of area) of leucocyte
subpopulations recognized by monoclonal antibodies directed
against IgM (B cells), CD4 (T helper cells), and CD8 (T cytotoxic
cells) in the dome/follicle and interfollicular area of the ileal
Peyer’s patch of fetal lambs treated with ferritin per os 7 days
previously (Ferritin) and in control lambs (Control). Within the
Ferritin and Control groups in Figs. 3, 4, and 5, a symbol
represents the same individual.RESPONSE OF FETAL ILEAL PP TO FERRITIN 293
ferritin-treated 59.38 + 7.12%; p < 0.05) and the in-
terfollicular area (control 22.88 + 4.55% and ferritin-
treated 46.40+4.80%; p <0.05) of the ferritin-
treated fetal lambs (Fig. 5). There was a tendency for
a larger difference to be present between the two
groups in the percentage of MHC II staining in the
interfollicular area than in the dome/follicle.
The ferritin-treated group also showed a signifi-
cant decrease in the mean percentage of area stain-
ing for CD44 and B5 in both compartments
(p < 0.05; Fig. 5). The decrease in percentage of area
occupied by CD44 + cells in the ferritin-treated
group was greater in the dome/follicle (ferritin-
treated 8.41+3.80% and control 34.05+6.28%)
than in the interfollicular area (ferritin-treated
16.55 + 7.78% and control 51.47+ 10.24%). A sim-
ilar tendency for the dome/follicle to show a greater
change than the interfollicular area following fer-
ritin treatment was also observed with staining for
B5. The percentage of area occupied by B5 + cells in
the dome/follicle of the ferritin-treated group was
7.14+2.30% compared with 46.79 + 13.39% in the
control group. For the interfollicular area, the per-
centage of area occupied by B5+ cells in the
ferritin-treated group was 16.85 + 3.53% compared
with 73.09_ 19.00% in the control group.
DISCUSSION
The present study shows that the ileal PP of fetal
lambs is not indifferent to antigen. Following expo-
sure to ferritin per os, there were significant changes
in the expression of surface molecules by leucocyte
populations within the lymphoid compartments of
the ileal PP. Ferritin has been used in several studies
in fetal lambs to induce an immune response (Sil-
verstein et al., 1963; Husband and McDowell, 1975;
Fahey and Morris, 1978; Reynolds and Morris,
1984), and although different routes of administra-
tion have been used, the oral route has been shown
to induce specific antibody production (Husband
and McDowell, 1975). To investigate the effect of
antigen on the development of Peyer’s patches,
Reynolds and Morris (1984) introduced ferritin into
isolated ileal segments of fetal lambs and after 7
days collected tissue samples for histological exam-
ination. These investigators did not identify changes
in PP histology or size, although other lymphoid
tissues such as the regional mesenteric lymph node
and the lamina propria of the isolated ileum showed
considerable histological changes. The findings of
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FIGURE 5. The presence (percentage of area) of leucocyte
subpopulations recognized by monoclonal antibodies directed
against MHC II, CD44, and B5 in the dome/follicle and inter-
follicular area of the ileal Peyer’s patch of fetal lambs treated with
ferritin per os 7 days previously (Ferritin) and in control lambs
(Control). Within the Ferritin and Control groups in Figs. 3, 4,
and 5, a symbol represents the same individual.294 L. RENSTROM et al.
the present study are consistent with this previous
study in that significant changes in the size of
lymphoid compartments were not detected. The
compartments chosen for examination in the
present study were the predominantly B-cell com-
partment of the dome/follicle and the predomi-
nantly T-cell compartment of the interfollicular area
(Larsen and Landsverk, 1986). Investigation of the
percentage of area occupied by the major lympho-
cyte subsets, IgM + B cells and CD4 + and CD8 + T
cells, in these compartments did not reveal any
significant differences between the two groups of
fetal lambs. However, the significance of changes
that were present in these populations, such as the
decreased presence of CD4 + cells in the interfolli-
cular areas of ferritin-treated fetal lambs, may have
been obscured by the large sample variation that
existed within the groups. The need for fetal surgery
on a large animal such as the sheep restricted the
number of individuals that could be included in the
present study, which may have limited the ability of
the study to detect changes in these cell populations.
Despite this limitation, the investigation of other
leucocyte surface molecules did reveal differences
between the study groups.
There was a significantly increased percentage of
area occupied by MHC II + cells in the dome/
follicle and interfollicular areas of the ferritin-treated
fetal lambs compared with the control group. How-
ever, the increased presence ofMHC II + cells in the
ferritin-treated lambs, 59.4% in dome/follicle and
46.4% in interfollicular area, was still lower than the
percentages reported in postnatal lambs. Hein et al.
(1989) examined the surface phenotypes of lympho-
cytes in the ileal PP of postnatal lambs using flow
cytometry and a panel of monoclonal antibodies. By
using these methods, 98.3% of lymphocytes from
the ileal PP were MHC II +. Increased expression of
MHC II occurs with B-cell activation (Monroe and
Cambier, 1983; Noelle et al., 1984; Roehm et al.,
1984; Ransom and Cambier, 1986), and in the
mouse, activation of protein kinase C has a role in
the increased I-A antigen expression that follows
B-cell activation (Monroe et al., 1984). Recent stud-
ies in sheep have shown that ileal PP B cells are
rescued from apoptosis by agents that activate pro-
tein kinase C (Motyka et al., 1993). Thus, it is open
to speculation whether the increased percentage of
area occupied by MHC II + cells in the dome/
follicle reflects a modification of the intense selection
processes that occur in the follicles.
There were also significant changes in the per-
centage of area occupied by CD44+ and B5+
cells. The presence of both surface molecules de-
creased significantly in the dome/follicle and inter-
follichlar areas of ferritin-treated fetal lambs. CD44
is a cell-adhesion molecule with proposed func-
tions in extracellular matrix binding, cell migration,
lymphopoiesis, and lymphocyte homing (Mackay
et al., 1988; Lesley et al., 1993). The B5 antigen is
present on the surface of T and and B lymphocytes
of sheep and is involved in a pathway of T-cell
activation (Hein et al., 1988). The expression of
both molecules has been shown to vary between
lymphocyte subpopulations and state of activation,
and between lymphoid organs and the stage of
ontogeny (Hein et al., 1988, 1989; Mackay et al.,
1988). Thus, the decreases in expression of these
molecules observed in ferritin-treated fetal lambs
may be the result of the interaction of several
processes. Further investigation is needed to dis-
cern the relative contributions of lymphocyte mat-
uration, activation, and recirculation to the overall
expression of these molecules within the lymphoid
compartments of the ileal PP.
Nevertheless, the use of computer-assisted mor-
phometric analysis, enabling the quantification of
changes in both the interfollicular area and dome/
follicle, provides some insight into the diverse
processes that may be occurring in the ileal PP.
With the use of flow cytometry, changes in the
interfollicular area are usually obscured by the
large cell populations in the follicle. The present
study shows that the interfollicular area undergoes
changes that differ from those occurring in the
follicle. Compared with the changes in the dome/
follicle, there was a larger increase in the presence
of MHC II + cells and a smaller decrease in the
presence of CD44 + cells and B5 + cells. A possi-
ble interpretation of these changes could be that
the observed phenotypes in the interfollicular area
are the result of cell activation and possibly altered
levels of cell traffic whereas the observed pheno-
types in the follicle are the result of changes in cell
maturation. Following cell activation, the expres-
sion of MHC II, CD44 and B5 is increased (Mon-
roe et al., 1984; Mackay et al., 1988; Hein et al.,
1989) and high expression of CD44 is associated
with recirculating lymphocytes, and lymphocytes
that are CD44- or CD441 are those that are most
sessile (Mackay et al., 1990). The reduced presence
of T-cell subpopulations, especially CD4 + cells,
may reflect changes in cell traffic. In postnatalRESPONSE OF FETAL ILEAL PP TO FERRITIN 295
lambs, the expression of B5 was low or absent in
tissues containing immature B cells (Hein et al.,
1989), although thymocytes from early stages of
ontogeny expressed the B5 antigen (Hein et al.,
1988). The percentage of area occupied by B5 +
cells in the dome/follicle of ferritin-treated lambs
(7.1+ 2.3%) was closer to the percentage detected
by flow cytometry in the ileal PP of postnatal
lambs (10.6+4.1%) (Hein et al., 1989) than the
percentage of area detected in the control group of
fetal lambs (46.8+13.4%). A possible interpreta-
tion is that the cell populations of the dome/
follicle in ferritin-treated lambs have moved
toward a postnatal phenotype.
Studies in postnatal lambs have shown that the
ileal PP can act as a site of contact between the
immune system and antigen, leading to the produc-
tion of antibody-secreting cells (Pabst and Reynolds,
1986; Reynolds, 1986). These studies in 6-9-week-
old lambs concluded that PP in sheep have the
characteristics of both primary and secondary lym-
phoid tissues. The present study, in demonstrating
that the phenotype of cell populations within the
fetal ileal PP is changed following exposure to
antigen, focuses attention on this dual role. In an
organ where the vast majority of B cells express
surface Ig, the distinction between "antigen-driven"
and "antigen-independent" phases in the shaping
of antibody repertoires may be difficult to identify,
particularly if internal self antigens participate in
driving "preimmune" repertoires (Reynolds, 1987;
Landsverk et al., 1990; Nicander et al., 1991). In
describing the antigen independence of somatic
hypermutation in the ileal PP, Reynaud et al. (1995)
acknowledged the difference between the hypermu-
tation process that generates the repertoire and the
selection processes that determine the B cells that
actually leave the ileal PP. Selection processes are
conducted upon cell populations and occur within
cellular environments (Coutinho et al., 1992). By
showing changes in cell populations and cellular
environments in the ileal PP, the present study may
be describing the transition from a purely primary
lymphoid organ to an organ that performs both
primary and secondary lymphoid functions. Further
studies are needed, not only to characterize the
expression of other function-related leucocyte mol-
ecules in fetal lambs following exposure to exoge-
nous antigen, but also to characterize in more detail
the differences between microenvironments within
the prenatal and postnatal ileal PP.
MATERIALS AND METHODS
Animals and Tissues
Sheep fetuses were obtained from timed matings of
Norwegian Dala and Australian Merino ewes. Five
of the fetuses were exposed by caesarean section
under thiopentone and halothane anesthesia. A
vinyl tube (external diameter 3.0 mm, internal di-
ameter 2.0 mm) was introduced into the mouth of
each fetus, passed into the esophagus and 2 ml
cadmium-free ferritin (Boehringer Mannheim, 50
mg/ml) in 8 ml PBS administered. After 7 days and
following euthanasia, tissue specimens were col-
lected from the ileal PP of the fetuses at the
attachment of the ileocaecal fold to the ileum. The
tissues were embedded in Tissue-Tek OTC com-
pound (4583; Miles Inc., Elkhart, IN) and frozen in
monochlorodifluoromethane (Prestogas, ICI,
Cheshire, UK) chilled in liquid nitrogen, wrapped in
aluminium foil, and stored at -70 C. To protect the
ileal mucosa during freezing, the tissue pieces were
placed with the mucosa down onto pieces of liver.
The gestational ages (+ 1 day) of the ferritin-treated
fetuses ranged from 122-131 days (length of gesta-
tion in sheep is 150 days). Frozen tissue was also
collected from the ileal PP of five untreated fetuses.
The gestational ages of the control fetuses ranged
from 125-135 days.
Histochemistry
Frozen sections were stained for Perl’s Prussian blue
reaction to demonstrate ferric iron. The detection of
reactivity for the enzyme 5’ nucleotidase has been
described previously (Halleraker et al., 1990).
Monoclonal Antibodies
The monoclonal antibodies used in this study, their
target ligands, and primary references describing
each antibody are shown in Table 1.
Immunohistological Staining
An indirect immunoperoxidase staining technique
described in detail by Press et al. (1991) was used to
stain cryostat sections cut at 8 tm. This technique
was used for the evaluation of lymphocyte subsets,
namely, with antibodies directed against IgM, CD4,
and CD8.296 L. RENSTROM et al.
TABLE
Monoclonal Antibodies Used in This Study
Ligand Antibodies Cells marked/function Reference
IgM McM9
CD4 SBU-T4
CD8 SBU-T8
MHC II SBU-II
B5 B5-5
CD44 (Pgp- 1) 25-32
B cells Beh, 1988
T helper cells Maddox et al., 1985
T cytotoxic cells Maddox et aI., 1985
MHC class II antigens Puri et al., 1985
T and B cells/T-cell activation Hein et al., 1988
Homing receptor Mackay et al., 1988
A peroxidase-anti-peroxidase (PAP) technique reactivity. If present in a section, at least five
was used with antibodies directed against MHC II, dome/follicles extending from the lumen to the
B5, and CD44. Frozen sections were allowed to muscular layer and at least five interfollicular re-
dry for at least 2 hr and then fixed for 10 min in gions were analyzed. The interfollicular region was
2% paraformaldehyde-lysine. Incubations were at defined as the region between two follicles that lay
room temperature and washes were for 5 min in beneath a line joining the follicle crypt bottoms and
Tris-buffered saline (0.05 M Tris/HC1, pH 7.6, above a line where the distance between the two
0.15 M NaC1; TBS). All dilutions of antibodies or follicles was shortest or where the follicles were first
blocking sera (normal rabbit serum) were in 1% in apposition. The perimeter of a region was traced
bovine serum albumin/TBS. Following washing, and the area calculated by the image analysis pro-
endogenous peroxidase was inhibited by incubat- gram (Fig. 1).
ing in 0.05% phenyl hydrazine (P-6766; Sigma, The percentage of area occupied by stained tis-
St. Louis) for 40 min at 37C. Following washing, sues was also estimated using the video-image
a blocking serum was applied and the sections analysis system (Press et al., 1992; Abrams and
incubated for 20 min in a humid chamber. Sub- Springall, 1993). Appropriate gray-level thresholds
sequent incubations were in a humid chamber. were set to distinguish stained from unstained tissue
The blocking serum was tapped off and the within a traced region. The total stained area was
sections incubated overnight with a monoclonal
antibody (Table 1) or TBS. The sections were
washed, incubated with a secondary antibody
directed against mouse IgG (Dako Z 259) for 30
min, and then washed and incubated with PAP
complexes for 30 min. Following washing, perox-
idase activity in the sections was detected by
determined and the percentage of the region occu-
pied by stained tissue calculated. For each antibody,
a mean percentage area was calculated for the
dome/follicle and the interfollicular area for each
fetus and an overall mean (+ standard error) deter-
mined for the ferritin-treated and control groups.
The differences between the means of the areas and incubation for 10 min in a solution of 0.05 M
Tris/HC1 buffer, pH 7.6, containing 0.6 mg/ml the percentage areas of the two groups were as-
diamino-benzidine hydrochloric acid (Sigma), sessed by a Student’s t-test modified for use when
0.01% hydrogen peroxide (Merck, Darmstadt, Ger- the sample variances are not the same (Sned6cor
many). The reaction was terminated by washing and Cochran, 1980). The chosen level of significance
in distilled water and the sections were counter- was p= 0.05.
stained with 2% methyl green in distilled water
for 10 min and a coverslip was applied with
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